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A  group  ot  nuc1«4r  ^uPn^rlner^  m«s  studied  to  «‘X4ii>ine  w^^ther  an  IS^h  routine  imposed  by  a 
watch-standing  schedule  of  6-h  on,  )?»h  off  during  a  prolonged  submerged  patrol  affected  the  ?A-h 
circadian  rhytha  in  oral  teaperature,  Thayer's  activation.  Mood  'Activity*  and  Mood  “ Happi nes s .  “ 
The  submariners  were  observed  during  three  sections  of  the  Pa»rol  Phase  I,  the  beginning  8-day 
period.  Phase  ?.  the  niddle  of  the  voyage,  and  Phase  S,  the  lest  /-d  day  period  of  the  lO-weeic 
voyage  fhe  group•syhchron1^ed  2A-h  rhythm  in  oral  teapera'jre  disafipcared  during  Phase  3  The 
group-s  vnehron  wed  2A-h  rhythas  in  Thayer'S  activation  a-'O  in  Mood  ‘Activity*  and  “Happiness"  dis¬ 
appeared  during  Phases  2  and  3.  A  group-sytichronwed  IS-h  rhythn  was  not  produced  in  any  of  the 
variables  in  any  Phase  of  this  study,  e»cep*  "f  during  Phase  2  Periodicity  analysis  of  ircivid- 
ual's  data  showed  that  a  loss  of  2S-h  rhythrtcity  in  ora*  teaperature  was  due  not  only  to  reduced 
circadian  aoplitude  but  also  to  a  dispersion  of  TOPS  toss  of  24-h  rhythm  in  “Activation," 

'Happ  ness,*  and  "Activity"  was  predominantly  due  to  a  wider  dispersion  of  'QPs  The  18-h  routine 
did  appear  to  exert  a  small  modulating  effect  on  rhythmic  activity  in  the  variables  examined  in 
this  study. 

Since  the  sleep-wikeJulness  cycle  was  well  entreineg  by  the  18-h  routine,  the  submariners  ex¬ 
perienced  a  spontaneous  internal  desynchronization  between  the  activity  cycle  on  the  one  hand  and 
the  cycles  of  oral  te«pera*-re  and  psychological  states  on  the  other  The  performance  and  health 
consequences  o'  this  chronic  dysthronise  have  yet  to  be  explored  Ke  suggest  further  research  to 
determine  the  usefulness  of  an  index  of  synchronwatiyr.  ai^ong  the  physiological  and  psychological 
variables,  and  the  relations! ip  of  the  desynchronizing  effects  to  performance 


ACKMOUICDCCKCNT 

The  alHst.ncc  of  Cil«i»nd,r  IhOMJ  B.r,!!*,,  tni  Or.  IC»rl  ScHeffrr  (s  or.tefall,  .cmovl rajei! 
this  resurch  >i<s  5upoort,(l  in  p*rt  6>  thr  «»»*•  nrilU,!  Btimrch  ,nS  Ors.lopnhnt  Connsna,  Drpjrt- 
.ent  ot  the  he.,.  onOer  Work  UhU  ho,  IIF58.St«.00«.902S  ena  Work  Onlt  ho.  2F58.52».00«-90?3.  the 
rlews  presentea  in  this  siper  ere  those  ot  the  eothors.  ho  enOorseoent  by  the  Oeoertoent  ot  the 
Navy  has  been  given  or  should  be  inferred. 


2 


^hli  study  4tt^iApts  to  deteraine  whothe**  in  4rtif»ci*lly  created  short  day  of  18-h  length  dis¬ 
rupts  the  circadian  rhythms  of  oral  lenperature  and  “Act  i  rat  lo.i "ActivUy.”  and  "Hapnin^ss”  as 
detemned  by  a  brief  adjective  checklist.  The  artificial  lo-h  day  results  from  the  unique  6-h  on, 
l?-h  o^f  watch-keeping  systea  employed  on  y.S.  Navy  nuclear  submarlres 

S'>b'iiariners  in  the  U.$  nuclear  fleet  are  "shift-workers"  who  live  under  the  strong  artificial 
:eitgeber  of  an  l8-h  watch  schedule  for  up  to  ten  weeks  during  continuously  submerged  voyages  Pre¬ 
viously  Schaefer,  Kerr,  Buss  and  Haus^®,  and  4aus  (personal  tonnun icat icn )  have  shown  that  the  cir¬ 
cadian  rhythms  of  body  temperature,  pulse  rat*-,  and  respiration  rate  of  subnanners  were  disrupted 
by  living  under  6-h  on,  12-h  off  watched  schedules  (an  18-h  day)  Colquhoun.  Paine,  and  fort^*^ 
reported  O'*  the  circadian  rhythm  o*  hodv  t»*oera*ur*  o*  British  submariners  who  stond  4-**  watches 
in  u  rapidly  rotating  cycle  during  a  48-d  continuously  subnetced  patrol  They  observed  that  the 
amplitude  of  the  circadian  rhythm  of  body  temperature  declined,  and  only  one  of  eight  submariners 
examined  in  their  study  maintained  a  strong  circadian  rhythm 

Our  study  was  concerned  with  a  small  population  of  unique  shi ft -workers  Although  the  shift 
.outine  studied  is  unique  to  the  submarine  service,  these  data  should  provide  new  information  about 
the  effects  ot  extremely  short  "days"  on  the  circadian  rhythms  of  oral  tenperature  and  psychologi¬ 
cal  states  when  men  work  under  unbroken,  rapidly  rotating  shift-work  schedules  for  a  prolonged  time 

Our  study  intends  to  follow-up  and  reexamine  the  findings  of  Nchaete*  et  al  by  obtaining  a 
new  set  of  data  from  submariners  who  lived  in  a  comparable  environment  where  two  conflicting  ;eit- 
geber:  w*re  operating  the  ?4-h  socia*  and  meal  timing  schedule  and  the  16-h  watch  scredule 
Special  attention  was  paid  to  an  observation  by  Schaefer,  et  al  .  which  suggested  a  possible  en¬ 
trainment  of  physiological  functions  by  the  18-h  watch  schedule  Entrainment  to  this  schedule  is 
interesting  ir  view  of  the  usually  narrow  r^ngo  of  entrainment  for  pf y»io109ical  functions  ^ 

SATERIAIS  AND  METHODS 

All  submariners  were  adapted  to  the  local  time  of  the  submarine  base  before  the  start  of 
patrol.  In  the  submarine,  four  weals  wem  provided  breakfast,  lunch,  dinner  and  a  lunch-like 
midnight  meal  Shipboard  life  was  paced  by  the  watch-standing  schedule,  but  random  events,  such 
as  "all  hands"  drills  and  "field  days"  (houseieeping/cleaning) ,  affected  the  work/rest  schedule. 

Subjects .  The  subjects  of  this  study  were  fifteen  submariners,  including  four  U  S  Naval 
Academy  midshipmen,  average  of  2?. 9  «  4,4  (standard  deviation)  years  (range  from  20-3S)  Ihis 
group  of  submariners  wa>  part  of  the  crew  taking  part  in  the  standard  deterrence  patrol  of  a  fleet 
Ballistic  Missile  (fSM)  submarine  for  a  ten-week  continuous  submergence.  The  average  number  of 
the  previous  patrols  experienced  by  this  group  was  2.1  *  2-8  Additional  details  of  the  subjects 
in  this  study  are  given  in  Table  1. 
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Oeaographtc  Infornitlon  «bowt  SubBtflners  in  ThH  Study 


ibject 

Rating 

Age 

Years  in 
Subnari ne 
Service 

Number  of 

Previous 

Patrols 

Sick 

Call- 

1* 

ET3 

21 

2 

0 

2 

2* 

RNC 

3S 

IS 

10 

2 

3* 

SN 

20 

1 

1 

4 

4 

SK3 

?3 

2 

4 

4 

S 

MIO'N** 

20 

0.5 

0 

0 

6* 

RM2 

23 

2 

3 

3 

7 

21 

0  5 

0 

0 

8* 

SK3 

21 

1 

2 

i 

9* 

6T3 

21 

0.5 

0 

0 

10* 

QM3 

22 

1 

2 

1 

11 

P.IO'N** 

20 

0.5 

0 

0 

12 

HIO'N** 

20 

0.5 

0 

0 

13 

SN 

21 

1 

2 

0 

14 

STS-1 

31 

12 

6 

1 

IS 

ET3 

24 

0.5 

1 

1 

Average 

22.9 

2  7 

2.1 

1.5 

SO 

4.4 

4.8 

2.8 

1.6 

Range 

20.3S 

0.5-15 

0-10 

0-4 

*P4rt1c1pated  in  «11  three  d«t<  collection  periods  (theses) 

**U.$.  Neval  Acedesy  Hidshfpnen 

Out  of  fifteen  sub«*r!fters,  only  se*en  (subject  nos.  1,  2,  3.  6»  7,  9  end  10)  were  observed  in 
*11  three  Ph«ses  (Boniloring  periods)  of  this  study. 

0»t*  Collection  Protocol.  Ph*se  1,  the  first  d*t*  collection  period,  sierted  shortly  *fter 
dcp*rture  of  the  sube*r1ne  for  patrol.  It  continued  for  ei^ht  days,  corresponding  to  Days  A  •  11 
of  ♦he  patrol,  to  catch  any  early  changes  in  physiological  and  psychological  states  due  to  living 
under  the  l8-h  watch  schedule.  Phase  2.  the  second  data  collection  period,  started  on  the  34th  day 
of  the  patrol,  and  it  lasted  for  7  or  8  days,  covering  days  34  -  «1  (or  42)  of  the  patrol.  Phase  3 
the  third  data  collection  period,  was  a  period  near  the  end  of  the  patrol,  days  80  -  67  Nine  days 
of  post-patrol  dal*  were  obtained  fron  a  separate  group  of  subuartners  a  nonth  after  the  end  of  the 
patrol . 
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For  each  div  of  all  ?hases.  oral  tenperatore  (Celsius),  and  Bood>«.wjectl¥e  checklist  estloates 
of  "Activation,"  "Activity."  and  "Happiness"  (to  be  described  later)  were  obtained  every  three 
hours  when  the  nen  were  awake.  Data  collections  were  scheduled  at  0100.  oaOO,  0700.  1000,  1300. 
1500,  1900  and  2200.  Urine  sanples  were  taken  for  assays  of  urinary  catecholaoines.  but  we  did 
not  analyse  these  data. 

Personal  Activity  1 og.  To  exaoine  work-rest  patterns,  activation,  and  eoods,  subjects  filled 
out  the  'Personal  Activity  L09"  developed  at  the  Naval  Saboarine  Medical  Research  Center  by  Beare 
et  a  1 ( Fi qure  1 ) . 


fAKT  Xi  Vtwicy  fWoord  ACtIvm  UW 


figure  1 


Each  page  of  the  log  book  contains  three  parts.  Part  1  is  a  2A-h  activity  record,  consisting 
of  eight  rows  on  the  top  of  the  page.  Subaariners  indicated  what  they  had  been  doing  by  drawing  a 
line  in  one  of  the  appropriate  rows:  standing  watch,  perforning  additional  duty,  studying,  etc 
Part  II  is  a  set  of  five  questions  about  sleeo  quelity  and  feeling  upon  awakening  Part  III  used 
the  Stanford  Sleepiness  Scale. A  description  of  the  quantity  and  regularity  of  sleep  is  reported 
elsewhere/  The  nlddle  of  the  log  is  a  list  of  fifteen  adjectives  taken  froo  the  work  of  Ryoan, 
Biersner  and  la  Rocco^^,  and  Thayer^^  to  neasure  noods.  Mood  "Happiness"  (KH)  was  eeasureo  by  the 
subject's  description  of  his  present  feelings  by  choosing  one  of  the  four  response  categories  for 
each  of  seven  adjectives:  contented .  cal w.  steady,  happy,  satisfied,  good,  and  pleased  Mood 
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■Activity"  (KA)  Ma&  slnilarly  ocasured  by  six  Adjectives  lively,  active,  energetic,  cheerful, 
vigorous,  and  alert.  Thayer‘s^^  Activation  scale  (TA)  was  used  to  measure  subjective  feelings- 
of«be ing.act 1 ve  by  six  adjectives  lively,  active,  energetic,  vigorous  .  activated,  and  nappy 
The  KA  and  TA  scales  share  four  adjective^,  and  thus  are  highly  correlated 

Subjects  were  instructed  to  conplete  the  activity  record,  Stanford  Sleepiness  Scale  (SSS),  and 
the  Qood  scale  before  retiring  to  a  sleep  period  Upon  awakening,  they  completed  the  sleep  qual¬ 
ity  questions  and  the  aood  scale.  Two  additional  sleep  quality  questions  sets,  and  four  additional 
sets  of  the  nood  scale  are  printed  on  the  back  of  each  Personal  Activity  Log  page  for  use  in  the 
{usual)  event  that  nore  than  one  sleeo  period  was  taken  in  ?4->h 

Analyses.  In  analyzing  the  sleep-wakefulness  C/Cle,  an  mter-sleep  interval  or  an  inter-wake 
interval  can  be  used  The  inte'-sleep  interval  is  the  ti*ie  elapsed  between  one  sleep  onset  to  the 
onset  of  the  next  sleep  period.  The  inter-wake  interval  is  siailarly  defined  Variability  m  the 
inter-sleep  intervals  can  be  used  to  express  stability,  or  the  relative  strength,  or  periodicity 
in  sleep-wakefulness  data  the  smller  the  variability,  the  stronger  will  be  me  rhythmicity 

Analysis  based  on  the  inter-sleep  {nte’*val  cannot  specifica’ly  reveal  the  strength  of  ^any 
rhythm  coaponents  in  data.  Thus,  a  different  analysis  was  used  in  this  paper.  Each  30-rilnute 
epoch  of  the  24-h  day  was  categorized,  on  the  basis  of  entries  in  the  Personal  Activity  Log.  as 
e‘»her  awake  or  asleep.  Awake  epochs  were  coded  by  one's,  and  sleep  epochs  by  zero's  Then,  an 
autocorrelation  function  was  deternired  for  this  string  of  I  s  and  zero’s,  using  32  of  the  dat* 
Irngtn  as  the  tsaxiBal  lag.  The  autocorrelation  function  used  was  a  cosine  wave  which  enhanced 
the  periodicity  in  the  original  sleep-wakefulness  data. 

In  order  to  nuflericiUy  extract  periods  and  strengths  of  the  rhyth-i,  a  non-orthogonal  "cosine 
transform"  was  applied  to  the  autocorrelation  function  To  complete  a  "cosine  transforn,"  forty- 
five  cosine  waves,  whose  periods  were  pre-selected  to  vary  fro**  3b0  mm  (b-h)  to  HAO  mm  (?8-h) 
in  Increaental  steps  of  30  mm,  were  generated  by  a  computer  Then  a  Pearson  produvl-noment  cor- 
relaliof  (f)  was  calculated  between  the  autocorrelation  function  and  each  of  these  cosine  waves 
Each  of  the  correlation  coefficients  was  squared  (r^)  to  express  the  percentage  of  variance  m 
the  autocorrelation  function  accounted  for  by  the  cosine  wave  of  a  given  period  This  r  value 
indicates  the  strengtn  of  the  rhythm  in  the  sleep-wakefulness  data  at  the  period  of  the  cosine 
wave  used  ’h<*  maximal  possible  is  1.00,  while  an  r^  approaching  zero  indicates  little  or  no 
rhythm 

Cosine  waves  of  pre-sdected  periods  were  directly  fitted  to  the  individual's  data  for  each  of 
three  Phases  to  determine  the  period  and  strength  of  rhythms  in  oral  temperature  and  subjective 
feelings  of  each  man.  The  data  were  scanned  to  determine  whether  they  exhibited  rhythTic  activity 
at  twenty  pre-selected  periods.  8-h/c,  12-h/c,  16-  to  ?8-h/c  in  one-hour  intervals,  and  32-  and 
48-h/c  in  four-hour  intervals.  The  fit  of  each  cosine  wave  yields  amplitude,  acrophasn  angle  or 
♦ime-of-Peak  (TOP),  and  r^ ,  Again,  the  value  r^  expresses  the  percent  of  the  variance  m  the  data 
which  can  be  accounted  for  by  the  cosine  wave  fitted  The  naihematical  basis  of  fitting  cosine 
waves  to  the  data  has  been  discussed  by  Halberg.  Tong,  and  Johnson^,  and  Nelson.  Tong,  lee,  and 
Ha  1 berg^  ^ 
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ColQuhoun  et  observed  that  ♦he  nethod  of  fitting  a  sir^le  co$<ne  wave  b'-cane  progressively 

less  appropriate  for  British  sybfiarifters  who  lived  in  the  co»aunity  o*  the  subnanne,  cut  off  fron 
natural  24.h  ieUgebers,  They  reported  that  the  use  of  two  cosine  waves,  one  with  a  ?H-h  period 
ana  another  with  a  12-h  period,  ^eproied  the  representation  of  circadian  wave'forn)  <n  both  tem¬ 
perature,  especially  the  estimation  of  TO?.  A  simlar  bisinusoidal  (two-wave)  analysis  was  pro¬ 
posed  by  ^a1toh,  Lubin  and  Colquhoun^^'  In  the  present  study,  two  cosine  wait-s,  each  having  a  dif¬ 
ferent  period,  were  fitted  to  the  data.  Unlike  tie  “conbmed  curve"  of  Colquhour  el  al.^  however, 
we  fitted  all  possible  conbinations  of  the  twenty  preselected  periods.  AUogc'h».r  190  Msmus- 
oisal  waves  were  fitted  to  data  obtained  at  each  Phase  for  each  submariner  The  best  'ittmq  co"!- 
bined  Curve  was  defined  as  that  which  achieved  the  largest  r^  value  The  progra*  for  fitting  the 
cosine  waves  was  written  in  Fortran  IV,  and  executed  by  an  IB?*  370  cooputer 

So  far,  we  have  described  the  analysis  of  rhythns  m  individuals  oata  To  find  the  qroup- 
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synchronized  rhytha,  the  grojp-Tean^cosinor  nethod  ’  *  was  used  fhis  method  summarizes  and  de- 
te^nlnes  an  inferential  statist. cal  value  fron  the  amplitudes  and  acrophase  angles  of  grouped  data 
In  a  cosmor  plot,  when  a  90"  or  9S'  confidence  ellipse,  defined  by  a  group  of  the  paired  values 
of  amplitude  and  acrophase  angle,  docs  not  overlay  the  pole,  it  Indicates  that  a  significa’'t  rhy 
thaic  foaponent  at  either  the  1*>5  or  S  level  of  significance*  or  bet’er  was  found  for  ^he  group 

The  group«mea''«cos1nop  analysi>  (GKCA)  evaluates  pairs  of  amplitude  and  acrophase  angles  simul¬ 
taneously  (as  vectors)  to  determine  the  statistical  signi*1rance  of  th*  rhythmic  cr-porehts  It 
does  not  Independently  evaluate  whether  the  amplitudes  were  changed  for  a  significant  majurity  of 
Submariners,  or  whetner  the  acrophase  angles  were  the  only  aspec»  of  the  ihythm  altemd  To  evalu¬ 
ate  the  change  in  the  clrcaoian  amplitude  of  the  group,  a  t-test  for  correlated  means  was  used 
The  Rayleigh  test  for  directional  data  as  described  by  Batschelet^*^  was  employed  to  evaluate  the 
Change  a  group  of  acrophase  angles. 


RCSULTS 

S ieep-Wafceful ness  Cycle  During  the  Patrol,  figure  2  shows  each  day  {activity  Cycle)  appearing 
below  the  last,  The  bars  represent  periods  of  wakeful  ess  (black)  and  sleep  *white)  The 
’objective"  day  1$  usually  defined  as  one  waae  perioi  followed  by  one  ,leep  period  A  tersporaily 
correct  redrawing  (see,  for  exarple,  uever^^,  p.  61)  was  not  made  for  this  Figure  so  that  one 
•wake-sleep"  cycle  nay  have  more  than  one  sleep  episooe.  The  X-a»is  of  the  diagram  consists  of 
four  cycles  of  24-h  to  show  the  shifting  of  the  objective  day  due  to  tn?  18-h  routine.  The  data 
in  figure  2  was  taken  fron  subaariner  Ko.  ><  during  Phasm  1  c*  the  patrol  Kis  sleep  patterns  dur¬ 
ing  Phase  1  are  given  in  the  Insert.  Ke  slept  an  average  of  8  03  ‘■ours  per  ?4..h  perioo  Average 
duration  of  each  sleep  episode  wa>  A  72  hours,  ard.  on  the  average,  he  slept  1  71  times  per  ?4.h 
period  figure  2  shows  a  pronounced  18-h  sleep-wakefulness  rhythm,  in  spue  of  the  frequent  nap¬ 
ping. 


Unless  specified  otherwise,  significance  in  the  oresent  paper  refers  to  at  least  ST  level, 
two  tails. 
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Ownng  Ph4?e  1,  eleven  of  the  15  subjects'  logs  provided  sufficiently  detitled  det*  for  analy¬ 
sis  of  the  sleep-wakefulness  cycle.  The  average  sleep-wakefulness  cycle  during  Phase  1  had  a  1113 
aln  {roughly  IS.S-h)  period  with  an  r^  of  0.577  ♦  0.1$2  $li  of  these  P  subjects  also  exhibited 
a  secondary  rhythalc  cooponent.  Us  average  period  was  1515  am  (rou9'‘ly  25  3-h)  with  an  r^  of 
.  24«  ♦  C  0n91 

During  Phase  2.  eight  of  the  15  aen  provided  sufficiently  detailed  log  data  for  analysis  of 
the  sleep-wakefulness  cycle.  The  average  period  was  1121  oln  (roughly  18.7-h)  with  an  r  of  0  655 
♦  0  285  Four  of  these  eight  subaarlr.ers  also  showed  a  secondary  pea*  at  an  average  period  of 
1500  «lo  (25-h)  with  an  average  r"  of  0,271  ♦  -.HO. 

In  Phase  3.  seven  of  the  15  aen  proslded  sleep-wakefulness  data.  The  a.eragc  *lcc*)-*dkef’jlness 
cycle  had  a  period  of  1144  sin  (roughly  19.1-h)  with  an  of  0.733  ♦  0.109.  Orly  two  of  these 

■en  had  a  secondary  peak  one  at  1  605  ain/cyde  (26.75-h)  and  anotner  at  an  eitrenely  short  cycle 
of  630  aln  (10.5-h). 

During  the  post-patrol  phase,  a  return  to  noraal  habitual  patterns  of  sleep-wakefulness  was 
observed.  Only  si*  of  the  original  15  subjects  returned  Personal  Activity  logs  which  allowed  cal¬ 
culation  of  the  sleep-wakefulness  cycle.  Five  of  these  si*  showed  the  expected  pattern  an  aver¬ 
age  period  of  1445  aln  (roughly  24,l.h)  with  an  average  r^  of  0  925  4  0.075  That  Is.  93S  of  the 
variance  In  their  sleep-wakefulness  cycle  could  be  accounted  for  b>  the  24.1  rhytha  One  aan 
(a  Hidshipaan)  did,  however,  show  an  tnusual  sleep-wakefulness  cycle  a  fixture  of  720  «1n  (12-h, 
r^  •  0.501)  and  of  1500  aln  (25-h.  •  0.408)  periods. 

Oral  Teaperature;  Figure  3  shows  chrenograas  of  oral  temperature  froa  subject  No.  1  on  the 
left-hand  side,  and  plerograes  of  the  saae  Information  on  the  right-hand  side  The  chronograms 
display  oral  teaperature  readings  over  tlae  of  day  for  up  to  8  consecutive  days  during  Phases  1, 

2,  and  3.  The  plexograas  display  the  saae  data  collapsed  into  a  single  24-h  period,  ignoring 
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the  day  of  data  collection.  The  plexograms  were  developed  on  the  basis  of  Buys-Ballot  tables 
(Enright^;  Orth,  Besser,  King,  and  Nicholson'®). 


PMHSE  1 


oenc  tcnPERRiuRE 


OR«L  lEnPEBmuRE 


ORRL  TEnPERRTURE 


Figure  3 

The  plexogranis  appear  to  show  the  typical  early  morning  circadian  "dip”  In  oral  temperature  during 
Phase  1  only. 

Tables  2A  and  2B  present  the  basic  observation  of  this  study.  The  top  half  of  Table  2A  shows 
the  amplitudes  and  TOP'S  (the  time  of  day  corresponding  to  the  calculated  acrophase  angle)  of  the 
24-h  rhythmic  component  In  oral  temperature  of  fifteen  submariners. 

A  treatment  by  subjects  analysis  of  variance  showed  that  the  24-h  amplitudes  of  oral  tempera¬ 
ture  in  Phases  1  (0.29”C)  and  2  (0.25'’C)  did  not  differ  significantly  (F  <  1).  The  mean  oral  tem¬ 
perature  Increased  slightly,  from  36.89'’C  in  Phase  1  to  37.03°  In  Phase  2  (F(1,11)  •  10.92,  p 
.01).  For  the  seven  men  participating  In  all  three  Phases,  the  24-h  amplitudes  averaged  0.30°, 
0.22°,  and  0,19°  In  the  respective  periods.  This  apparent  decrease  Is  marginally  significant 
{(F(2,12)  •  3.05,  p  <  .10).  For  these  men,  the  mean  oral  temperature  Increased  steadily  during 
the  patrol,  going  from  36,97°  to  37.06°  to  37,19°C  (F{2,12)  •  10.72,  p  <  .01). 
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TABLE  2A  24-h  rhythm  ctwacteriwio  of  submafinert  during  » ten-wefc  tong  ptrol  under  18-h  witch  ieh«dul». 


PHASE  IM-lld)  PHASE2(344-«M)  PHASE  3  (SM-S7il) 

SUX  AMP _ TO# _ MEAN _ 50 _ AM* _ TO* _ MEAN _ ID _ AM* _ TO* _ MEAN _ Sp 

ORAL  TEMPERATURE 

I*  0.30  20.23  37.19  0.66  0.33  13.02  37,42  0.54  0.19  01  26  37.58  0.29 

2*  0.33  21  45  36.88  0.39  0.02  14;42  3699  0.42  0.09  09:11  37.09  0.23 

3*  0.23  20  25  37.35  0.53  0.26  17:07  37.43  0.38  0.19  04:24  37.49  0.35 

4  0.03  09  »  36.93  0.58  0.16  14  44  37.08  0.45 

5  0.52  19  25  36.71  0.63  0.23  21  60  36.73  0.62 

6*  0.16  18  48  36.95  0.51  0  18  18  43  36  89  0.52  0.13  11:23  37.10  0.30 

7  0.27  01  55  36.40  0  66  0.36  20:57  36.90  0.48 

8  *  0.41  22  26  36.97  0.50  0.36  13  55  36.96  0.40  0.18  05:35  36,91  0.34 

9*  0.32  19  45  36.60  0  60  0.30  20  04  36.70  0.46  0.37  22:42  36.97  0.39 

10*  0.33  21  29  3684  0.69  0.07  06  11  37.04  0.36  0.19  19:52  37.17  0.26 

11  0.30  19  54  36.76  0.54  0  61  20  21  36  90  0.61 

12  0  31  21  27  37  15  0.46  0  16  07  04  37.33  0.55 

13  —  --  —  —  ~  —  —  —  0.25  17:52  :».94  0.42 

14  —  —  —  —  —  —  —  —  0.34  12:06  ffi.95  0,40 

15  —  0.17  14:01  ffi.69  0.33 

Mean  029  36.89  0.25  37.03  0.21  37.11 

SD  0.12  0.26  0  16  0.25  0.09  0.24 

THAYER'S  ACTIVATION  (TA( 

1*  0.17  17  26  1.42  0.37  0.07  09  46  1.51  0.37  0.17  20:42  1.43  0,27 

2*  035  22  09  2  30  1.14  0.14  11:35  2.11  0.60  0.09  06:38  2.25  0.44 

3*  0.08  10:00  2.03  0.38  0.10  05  42  2  02  0.39  0.19  08:18  2.04  0.25 

4  0.17  00.42  1.96  0.46  0.13  15:35  1.74  0.29 

5  0.22  01.04  2.31  047  0.16  K  42  2.15  0.30 

6*  0.10  20,08  2.12  0.68  0.38  18:35  3.11  0.74  0.36  12  02  3.22  0.60 

7  0.28  19  37  1.76  0.35  0.34  18  58  1.82  0.44 

8*  0.34  23  04  2.01  0.64  0.19  (M.40  1.97  0.46  0.27  08:07  2.23  0.57 

9*  0.23  19  09  2.08  0.57  0.29  18  24  2.20  0.53  0.52  23:46  2.24  0.58 

10*  0.10  18  16  2  96  0.45  0.18  21  53  2.57  0.47  0  26  21:59  2.79  0.54 

11  0.08  18  42  2.04  0.27  0.07  02  37  1.93  0.21 

12  0.06  12:38  2.59  0.71  '  0.42  01.53  2.43  0.59 

13  —  —  —  —  —  —  —  —  0.22  13:18  2.77  0.46 

14  —  —  —  —  —  —  —  —  0.34  18:42  2.52  0.61 

15  ~  .  —  024  12  10  1.91  0.87 

Mean  0,18  2.13  0.21  2.13  0.27  2.34 

SO  0.10  0.39  0.12  0.42  0.12  0,51 


TABLE  28  24-h  rhythm  chefactefiitia  of  $ubm»fin«ft  during  a  ten-week  long  patrol  under  1B-h  watch  tchedule. 


PHASE  1  (44-1141 


PHASE  2  (344-424) 


PHASE  3  (SOd-6741 


svmj 

AMI> 

TO# 

MEAN 

50 

AM# 

TO# 

MEAN 

5D 

AM# 

TO# 

MEAN 

SD 

MOOD 

"ACTIVITY" 

1* 

020 

19.06 

1.77 

0.48 

0.11 

09:14 

1.85 

0.49 

0.28 

20:58 

1.75 

0.39 

2* 

0.30 

21:43 

264 

0.92 

0.07 

15:17 

2.38 

0.58 

0.16 

05:23 

2.52 

0.39 

3* 

0.10 

1222 

2.64 

0.47 

0.17 

08:53 

2.43 

0,33 

0.26 

08:20 

2.56 

0.37 

4 

0.19 

00  28 

1.86 

0.45 

0.10 

15:53 

1.77 

0.28 

_ 

5 

0.22 

00  42 

2.46 

0.41 

0.14 

05:42 

2.22 

0.26 

_ 

«... 

... 

— 

6* 

0.11 

21  00 

2.16 

065 

0.32 

18:26 

3.19 

0.66 

0.34 

12:15 

3.15 

0.57 

7 

0.18 

20  16 

2.13 

0.28 

0.22 

18:29 

2.02 

0.34 

_ 

«« 

— 

8* 

0-34 

22  14 

2.16 

0.65 

0.17 

07  54 

2.05 

0.48 

0.39 

08:23 

2.35 

0.60 

9* 

0.18 

20  18 

2.20 

0.53 

0.31 

18  37 

2.33 

0.50 

0.51 

00:14 

2.33 

0.55 

10* 

0.11 

17:16 

3.02 

0.38 

0.31 

14:53 

2.90 

1.12 

0.29 

21:54 

2.77 

0.63 

11 

0.10 

21:28 

233 

0.27 

0.03 

02:38 

2.21 

1.19 

_ 

_ 

12 

0.05 

1045 

2.66 

0.67 

0.52 

02.34 

2.56 

0.60 

_ 

_ 

_ 

13 

— 

— 

— 

— 

— 

— 

— 

— 

017 

13:08 

2.93 

0.43 

14 

— 

— 

— 

— 

— 

— 

— 

— 

0.19 

19:28 

2.73 

0.51 

15 

— 

— 

— 

— 

— 

— 

— 

— 

0,21 

13:17 

2.05 

0.78 

Mean 

0.17 

2.34 

0.21 

2.33 

0.28 

2.51 

SD 

0.(» 

0.36 

0.14 

0.41 

0.11 

0,42 

MOOD 

"HAPPINESS" 

1* 

0.14 

18:14 

1.77 

0.33 

0.11 

08:16 

1.88 

0.35 

0.17 

22:22 

1.72 

0.24 

2* 

0.24 

23:% 

2.86 

0.46 

0.12 

16:51 

2.35 

0.45 

0.09 

05:14 

2.24 

0.21 

3* 

0.09 

03:53 

2.60 

0.44 

0.07 

08:20 

2.60 

0.39 

0.38 

08:12 

2.69 

0.50 

4 

0.22 

23:44 

1.77 

0.47 

0.01 

13:11 

1.64 

0.25 

— 

— 

_ 

5 

0.07 

23:53 

2.46 

0.30 

0.10 

20:08 

2.14 

0.33 

_ 

— 

_ 

6* 

0.22 

19:16 

2.61 

0.64 

0.31 

20:14 

3.40 

0.64 

0.33 

13:17 

3.23 

0.53 

7 

0.10 

20:34 

2.56 

0.42 

0.09 

07:29 

2.46 

0.45 

-- 

8* 

0.28 

23:00 

2.04 

0.54 

0.04 

07:34 

2.18 

0.40 

0.19 

07:23 

2.50 

0.46 

9* 

0.18 

23:23 

2.29 

0.58 

0.13 

21:20 

2.50 

0.55 

0.36 

00:54 

2.22 

0.63 

10* 

0.07 

19:00 

2.97 

0.29 

0.13 

02:19 

2.67 

0.37 

0.27 

21:11 

2.68 

0.59 

11 

0.08 

21:07 

2.50 

0.26 

0.04 

06:49 

2.38 

023 

_ 

— 

_ 

— 

12 

0.08 

09.56 

2.56 

0.63 

0.41 

02:53 

2.45 

0.58 

_ 

— 

_ 

— 

13 

— 

— 

— 

— 

— 

— 

— 

— 

0.02 

10:25 

2.96 

0.28 

14 

— 

— 

— 

— 

— 

— 

— 

— 

0.26 

20:44 

3.12 

0,47 

15 

— 

— 

— 

— 

— 

— 

— 

— 

0.02 

12:23 

2.42 

0.71 

Mean 

0.15 

2.42 

013 

2.39 

0.21 

2.58 

SO 

0.08 

0.36 

012 

044 

013 

0.46 
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lo  summarize,  the  avera9e  oral  temperature  increased  slightly  (0.22*C)  over  the  course  of  the 
lO-week  patrol,  and  the  increase  in  average  temperature  appears  to  have  been  accompanied  by  a  mar¬ 
ginally  significant  decrease  in  t  ne.  amp  1  i  t  ude  of  the  daily  variation. 

One  of  the  more  cr-tical  questions  concerns  how  long  a  group-synchron i zed  24-h  rhythm  in  oral 
temperature  .urvived  in  this  environment.  The  group-mean- cos i nor  analysis  (GHCA)  answers  this  ques 
tion.  A  gro i,p- s.-nchron  1  zed  rhythm  means  that  a  majority  Of  the  members  of  the  group  have  similar 
TOP'S  and  vomp a ra bl e  amplitudes.  While  submerged,  the  submarine  environment  lacks  many  of  the 
natural  04-n  deitgepers.  The  OA-h  social  and  (to  a  smaller  extent)  meal-timing  cues  art  present, 
Put  they  are  in  competition  with  a  very  strong  zeitgeber  provided  by  the  18-h  watch  routine. 

ke  were  unable  to  obtain  a  baseline  observation  of  oral  temperature  rhythm  on  a  24-h  schedule, 
tu!  the  resu't,  from  other  studies  (such  as  Naifoh*®;  Haus,  personal  communication;  and  Naitoh,  et 
a  1  .  '  provide  a  basis  for  comparison.  A  GMCA  was  performed  on  the  amplitudes  and  acrophase  angles 
of  the  twelve  men  par t 1 c i pa t i ng  in  Phases  I  and  2.  The  results  of  this  analysis  are  given  in  Table 
3.  The  analysis  of  Phase  3  was  based  on  records  from  ten  subjects. 


TABLES  Results  of  youtrinean-oosinor  analysiv* 


PHASC  1 

(4a>iid» 

PHASE  i  P4d  -•»«) 

PHASE  S  (i««  *»?d) 

GROUP  SYNCHRONIZED  2Ah  RHYTHM 

Cial  iem,'fij:uii'  (°Ci 

TOP 

20“(t9*'  22“1 

TOP 

18“(12'*  -21“) 

TOP: 

Undefined 

AMP 

0  259(0.144. 0.3791 

AMP 

0.144(0.010-0.319) 

AMP: 

Undelined 

Tiwve''s  Acii'.'ii.u.'i 

TOP 

21'*(16“  23**1 

TOP: 

Undelined 

TOP; 

Undelined 

AMP 

0127(0.021  -0  235) 

AMP 

Undelined 

AMP 

Undelined 

TOP 

2I**(17*’  23**1 

TOP 

Undefined 

TOP: 

Undefined 

AMP 

0.130(0031  -0^351 

AMP. 

Undelined 

AMP 

Undefined 

UUUJ  "HjvC  IMS 

TOP 

22“(I8**  ^S'*) 

TOP. 

Undefined 

TOP: 

Undefined 

AMP 

0.108(0  023-0195) 

AMP; 

Undefined 

AMP: 

Undelined 

GROUP  SYNCHRONIZED  16  h  RHYTHM 

O.'ji  liTu'L'ialuie 

TOP 

Undelined 

TOP. 

Undefined 

TOP; 

Undelined 

AMP 

Undelined 

AMP 

Undelined 

AMP; 

Undelined 

Trjyei's  AciivatiCh 

TOP 

Undelined 

TOP. 

Undelined 

TOP: 

Undelined 

AMP 

Undefined 

AMP: 

Undelined 

AMP: 

Unde'ined 

Mojd 

TOP 

Undelined 

TOP: 

Undelined 

TOP: 

Undelined 

AMP 

Undefined 

AMP. 

Undefined 

AMP: 

Ll'.dclined 

Uoud  "Hippii^" 

TOP 

Undefined 

TOP; 

23*'(19**04**) 

TOP: 

Undelined 

AMP 

Undefined 

AMP: 

0.076(0.013-0.146) 

AMP: 

Undelined 

A  foup  ol  tmtht  mkmtritmt  ftumM  ttw  datt  tor  Ruiai  1  and  2.  Tan  w&mannan  pfovtdad  lha  data  foi  Riaaa  3. 
TOP  •  AMP  •  AmwiiiH^of  rhvtfim. 

*f5%  Cpntidiacf  lnfirvri 


A  qroup-s ynchron i zed  rhythm  of  oral  temperature  was  found  to  persist  among  the  submariners  during 
Phases  1  and  2.  It  was  lost,  however,  during  Phase  3. 

The  average  2A-h  oral  temperature  amplitude  for  the  twelve  men  during  Phase  1  was  0.26*C 
(•T.47  F).  Naitoh'^  observed  that  a  group  of  23  young  Navy  recruits  showed  a  24-h  oral  temperature 
amplitude  of  O.SOT  during  a  baseline  period,  which  is  directly  comparable  to  the  submariners’  data. 
Haus,  however,  found  the  24-h  oral  temperature  amplitude  was  0.79°F  in  a  group  of  seven  submariners 
studied  during  the  outfitting  period  by  Schaefer  et  a1 .  This  is  considerably  larger  than  the  am¬ 
plitude  exhibited  by  our  subjects  during  Phase  1.  Tt  is,  thus,  uncertain  whether  the  24-h  oral 
temperature  amplitude  had  changed  during  Phase  1. 


11 


During  Phase  I,  the  average  TOP  determined  for  the  ?4-h  oral  temperature  rhythm  for  twelve 

men  In  this  study  was  20^®,  with  a  95t  confidence  Interval  of  19^'  to  22®^  (see  Table  3).  The 

15  22 

average  TOP  found  by  Naltoh  was  17  .  Haus  found  that  the  average  TOP  of  his  sample  of  seven 

04 

submariners  during  the  baseline  period  was  18  ,  A  group  of  73  young  Royal  Navy  ratings  was  re¬ 

ported  to  have  the  average  TOP  at  I7"  (see  Naltoh.  et  al.^®).  Thus,  the  average  TOP  of  the  sub¬ 
mariners  seems  to  have  been  delayed  from  3  to  4  hours. 

During  Phase  2,  a  considerable  weakening  of  the  group-synchronized  oral  temperature  rhythm  was 
found.  The  average  TOP  was  at  Is’®,  well  within  the  95?  confidence  time  boundaries  for  the  above- 
mentioned  reference  groups.  But  the  24-h  oral  temperature  amplitude  was  reduced  to  almost  one- 
half  of  the  amplitude  seen  In  Phase  1,  and  the  width  of  the  95?  confidence  Interval  was  9.5-h. 
three  times  that  of  Phase  1. 

The  GMCA  of  the  seven  men  who  participated  In  all  three  Phases  of  this  study  Is  depicted  In 
Figure  4.  Figure  4  shows  three  plexograms  (the  left-hand  side)  and  a  coslnor  plot  (the  right- 
hand  side,  top)  for  this  group  of  seven  men.  As  shown  by  the  coslnor  plot.  Phase  1  data  exhibited 
a  group-synchronized  24-h  rhythm  In  oral  temperature.  The  confidence  ellipse  for  the  Phase  1  data 
Is  Identified  by  1  In  this  figure.  The  average  TOP  was  at  20®^  with  a  95t  confidence  interval  of 
18^^  to  22’®.  The  plexogram  for  Phase  2  shows  a  dip  around  0400.  suggesting  a  normal  circadian 
rhythm.  But  the  GMCA  failed  to  show  a  significant  group-synchronized  rhythm  (ellipse  2).  During 
Phase  3.  no  group-synchronized  24-h  rhythm  for  oral  temperature  was  found. 
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Figure  4 
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Ihf  cosinor  4n«lysis  is  i  global  statistical  evaluation  of  the  vectors  defined  by  acplitudes  and 
associated  acroohase  angles.  Hence*  it  doe>  rot  test  whether  the  circadian  anplitudes  changed 
independent  of  the  changes  of  acrophase  angles,  or  vice  versa.  The  t*test  was  used  to  test  whether 
the  oral  tenperature  anplitude  changed  s tgni f leant ly  froa  one  phase  to  another.  To  test 

whether  the  TOPs  changed  fro^  one  phase  to  another,  Payleigh's  £  statistic  tBatscr.elet^’^)  was 
used  A  significant  Rayleigh  2  suggests  a  clustering  of  TOPS  for  the  group  of  subjects.  The 
Rayleigh's  2  was  6.38  for  Phase  1,  significant  at  S;  or  better,  for  Phase  2,  2  was  2  '5  ^not  sig¬ 
nificant),  and  2  was  non-s i gni f 1  cant  at  0.67  for  Phase  3. 

Thus,  for  these  seven  aen,  loss  of  tne  group-synchroni2ed  24-h  oral  tenperature  rhythn  during 
Phase  3  was  due  to  both  an  overall  reduction  in  aoplitude  and  a  dispersion  ot  TOPs.  For  Phase  2. 
where  the  grouo-synchroniaed  24*h  rhythn  disappeared  for  these  oen.  its  loss  was  aore  due  to  dis¬ 
persion  of  T0»s;  that  is.  the  peak  oral  tenperature  value  of  one  oan  occurred  at  a  tiee  far  dif¬ 
ferent  froo  that  of  another. 

As  noted  earlier,  there  was  nc  doubt  that  the  sleep-wakefulness  cycle  had  been  entrained  b> 
the  18-h  watch-standing  schedule.  However,  the  group-nean-cosinor  analysis  revealed  no  IS-h  rhy- 
thn  in  or^i  tenperature  during  any  of  the  three  phases  of  this  study  (see  Table  3  and  iigure  4, 
the  right-hand  side,  bottoa). 

The  group-eean-cosinor  analysis  evaluates  whether  the  group  has  a  cennon,  synchronized  rhy. 
thn,  where  everyone  in  the  group  peaks  at  a  similar  local  tine.  It  will  not  indicate  whether 
individuals  in  the  group  developed  significant  -hythes  that  are  not  in  synchrony  with  e*.ch  ether. 
Therefore,  the  previous  question  was  rephrased  Old  the  18-h  routine  produce  an  T8-h  oral  tee- 
perature  rhytha  in  individuals’  To  answer  this  qiestlor,  two  approaches  were  taken,  first,  the 
period  of  the  strongest  single  rhythnic  coeponent  in  each  nan's  oral  tenperature  was  deterained 
If  the  18-h  activity  cycle  is  a  doa.nant  teitgeber  for  oral  tenperature,  we  would  expect  an  IS-h 
rhythnic  coaponent  to  be  the  strongest.  Second,  If  the  18-h  'day"  exercised  soae  influence  over 
oral  teaperature,  not  as  the  deternining  factor  but  perhaps  as  a  significant  aodulatlng  factor, 
then  an  18-h  rhyth"  should  be  selected  as  one  cf  the  two  conponents  in  the  bisinusoidal  analysis^® 

The  results  of  the  search  for  the  strongest  single  rhythnic  component  tor  each  of  the  seven 
subaariners  are  giver  in  Table  4. 


TABLE  4  Petiod  length  which  produced  the  bnt  fit  (0ne-w4ve  vulytit  of 
teveo  uibnurtneft) 


SUM<. 

ORAL  TEMPERATURE 

1  18%'cO?S 

24<ri/r02l 

24r.'c  0  26 

2 

24rVc033 

(4«h-c023' 

44*/c  023 

3 

17h/c012 

24r.'c022 

2Sh'c031 

6 

36  h/(  0  IS 

18h/t0(l9 

2Oh'c0  32 

8 

24t/i03» 

74WC043 

3Gf/e027 

3 

?ShA017 

29n/c072 

24r/cC43 

10 

32h/c0t6 

ien/cOI4 

26r/e026 

2Sh;t02l 

221WC22 

28h/c02b 

SO 

69  006 

38  011 

34  007 

^•^'r2arl/'c^ 

044  (NS) 

-139<NS) 

1  39  iN  S ) 

.•(rifl8h/C> 

2  74  <o  =  003> 

246  (NS/ 

327.P-C82) 

Co-rnffi 

THAYERS' ACTIVATION' 

1  28h/c022 

2 

Orvi’nJ 

26VC0I8 

i4n/c016 

2 

(43h/c020) 

32Vc027 

3 

3&*i/c  ai9 

t2-h/c  0 12 

27*/.  03C 

6 

21  Ve02S 

16h/c020 

26n/c029 

6 

i48h/c0t8l 

t6h/iOI2 

2*h/c026 

9 

?8h/tei8 

TSn'cOIS 

26 ‘-'c  Oil 

10 

I9n'c02e 

12h/cOI4 

23h/tOU 

tVun 

2Sh/c()23 

l6Vc  0 16 

26h/c028 

SO 

66  004 

62  004 

39  013 

GSOlNS) 

-243  (NS) 

042  iNS) 

l*(if  t8h/c> 

238  (NS) 

-007  (NS) 

483Jp*OOC3) 

Conunen* 

Cr4Hi6 

Ci»No  2 

0*»ifn3 

f«<«r>Act*«e9<trI4ik^«rUM.VlVk»^f<  Mia 


Th«  strongest  cooponent  is  4efifte<3  by  the  largest  f ,  Owring  Phase  1,  the  penop  of  the 
strongest  or  best-fU  rhythnl<  component  in  oral  tenparature  averaied  ?5»h  with  an  of  0  21 
This  period  was  signi ficantly  different  froo  18. h,  but  not  fron  74.h  Two  sen  and  *3}  did. 
however,  exhibit  the  strongest  rhy*hoic  coeponent  at  IS-n/cyde  and  i7-h,'cycle  During  Phase  2, 

the  period  cf  the  strongest  fowponent  at  IB.h/cycle  and  I7.h/<ycle  During  Phase  2,  the  period  of 
the  strongest  coaponent  averaged  ?2-h,  which  was  not  signi flcani ly  different  fro">  either  the  24-h 
or  the  IS-h  cycle  Again,  two  aen  { *6  and  »10)  had  the  strongest  rhyiho  at  18.h/iyx.le  and  Jf-h/ 
cycle.  During  Phase  3,  the  period  length  was  significantly  different  fron  18-h.  but  not  fren 
2t-h  In  this  Phase,  none  of  the  seven  subeariners  showed  the  strongest  rhyths  near  18-h/cyc’f 
It  appears  that  the  18-h  wa^ch-standing  schedule  did  not  significantly  alter  the  basic  oenod  of 
the  oral  teaperature  rhytho,  although  the  ssall  r^  of  0.21  suggests  considerable  irregularity  ir 
the  wavefcre 

Table  5  shows  the  results  of  the  search  for  a  ••odulating"  effect  o*  18-h  watch-standing 
schedule  on  oral  tesperature. 
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TA8LE  5  Two  period*  wf'Kh  produced  th«  belt  In  IT«^wjv**n*ly»rtol 
teveo  M^wwioen)  _  — 


J8‘/17  03S 

28/24  029 

24/12039 

36/2S0S7 

«8)/2003S 

32/12  0  36 

(48)/44  0?S 

23/16040 

2S/16C46 

38/2S0.2S 

18/(8)023 

20/19066 

74/1S04t 

32/24062 

36  /  32  0W 

2S/t603t 

2S/1203d 

26/21  063 

32724  026 

20/16032 

26/21  041 

034 

037 

046 

012 

012 

008 

'ATION" 

'  '27  0  40 

(4$)/ 22  041 

32  /  24  0  33 

20 '(8)  039 

44/18  0  40 

32/20066 

36/19a49 

(48)/44  030 

23/(8)064 

21  /<8)042 

23/16031 

36/20038 

(481/28  038 

32/16030 

20/19039 

28  /  27  0  31 

40/24  0  23 

2S/I8063 

3S/1S037 

32/12029 

40/17  0  30 

039 

032 

046 

OOS 

0C6 

013 
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in  Ph.s.  1,  four  of  ilngfoMoI  .o*e»  »«>■»  felecteo-  orooo  one  h.a  the  period  lenjth 

neer  to  18-h  (chosen  four  tines);  9rogp  t.o  hed  Us  period  length  nejr  to  2*-h  (chosen  five  tires), 
progp  three  hsd  Its  period  neor  to  36.h  (chosen  three  tioes),  ond  jrogp  foor  h.d  its  period  neor  to 
48.h  (t«lce).  Ihe  36.h  period  represents  the  second  hernonlc  of  *  78-h  or  3-d  period.  »hlch  is  the 
h.slc  cycle  In  the  IS-h  .etch-stencln,  schedgle  Ihet  Is.  reperdless  of  the  locel  tire  th.t  .  sen 
surted  his  first  sU-hog.  -etch,  he  .ID  stood  .etch  et  the  sene  loci  tine  efter  he  conpletes  d 
.atenes  (6-h  natch  ♦  13  hogrs  off  «  «  '  ’3  hogrs  ■  3  days). 

in  Phase  3.  two  progps  of  singsoldal  «a»es  .ere  nost  proolnent.  Orogp  one  had  a  period  length 
close  to  I8.h  (chosen  five  tires),  .hUe  progp  t.o  had  a  period  length  ol  approalnately  3«-h 
(chosen  ftve  tines)* 

In  Phase  3.  fogr  groops  of  singsoldal  raves  -ere  eg  m  selected  grogp  one  had  a  period  length 
of  near  la-h  (chosen  three  tines),  grogp  t.o  had  a  period  length  of  near  3C-h  (chosen  sl>  tines), 
grogp  three  had  a  period  length  of  close  to  3a-h  (cnos.n  three  tines),  and  grogp  foar  had  a  period 
length  of  13-h  (trice).  Thirteen  of  the  43  ravefoms  given  In  table  5  fall  In  the  33-35-hogr  range 
Eighteen  Of  the  reoainin,  33  see.  to  be  .ore  or  less  rando.ly  dlstribgted  over  the  range  fro.  8- 
h/c  to  31-h/c.  Over  the  three  phases  the  r'  averaged  a  nodest  39.  These  data  sho.  dislntegra- 
tion  of  the  nor.al  34.h  periodicity  In  ora!  teoperatgre.  hot  the  sgperl.positlon  ol  cycles  rlth  a 
near  18.h  period  is  not  conspiegoos.  living  on  the  sgbnarine  appears  to  disrgpt  the  circadian 
rhythn  of  oral  te.peratgre,  tot  these  oata  do  not  provide  convincing  evidence.  In  the  for.  of 
pro.lnent  18.h  coeponents.  that  the  IS-h  rogtine  Is.  by  Itself,  the  pri.ary  caose  of  this  dls- 
rwptlon. 


IS 


Thaytr's  Acttvtiort,  Mood  "Activity.*  Mood  "Haoptnest  *  Tables  2  A  and  2B  give  the  basic 
observations  of  this  st<idy.  The  lover  half  of  Tabte  2A  shows  the  asplitudes  and  TOPS  of  the  24-h 
conponent  in  the  TA  scores  of  fifteen  subBartners.  Table  2B  gives  the  sane  infornation  for  HA  and 
HH. 

There  was  no  significant  difference  between  the  Phase  1  and  Phase  2  data  of  the  twelve  aen 
participating  in  both  Phases  in  teras  of  a  24>h  TA  rhytha  aaplitude.  Siaiiarly,  no  significant 
differences  were  found  between  Phase  1  and  Phase  2  in  terns  of  MA  and  MH. 

For  the  seven  aen  in  all  three  phases,  there  was  no  significant  change  in  24. h  aaplitude  froa 
one  Phase  to  another  for  TA,  HA  and  Hri.  There  were  also  no  significant  changes  in  the  aean  val¬ 
ues  o'  TA,  HA  and  HH,  Thus,  the  18-h  watch  routine  did  not  appear  to  affect  the  24-h  circadian 
aaplitude  of  TA,  HA  and  KH  froa  one  part  of  the  patrol  to  another. 

The  group«aean«cosinor  analysis  was  perforaed  on  the  anplitudes  and  acrophase  angles  of  the 
twelve  subaariners  In  Phase  1  and  Phase  2.  The  results  of  this  analysis  are  presented  in  Table 
3.  A  group-synchronited  24. h  rhytha  was  found  for  TA,  MA,  and  MH  only  during  Phase  1.  The  re¬ 
sults  of  the  6NCA  of  the  seven  aen  in  all  three  phases  are  shown  in  Figure  8 


Figure  S 


The  ellipses  In  the  cosinor  plot  ere  dr<«it  to  show  »  90t  confidence  «re«  The  GKCAs  of  MA 
end  MH  showed  thet  Phcse  1  dote  did  not  have  a  9roup*synchron<2ed  2A>h  rhytha.  This  evaluation  is 
Inconsistent  with  the  results  of  a  siailar  analysis  applied  to  the  larger  group  of  twelve  sen.  oost 
likely  due  to  the  >oss  of  statistical  power  rescuing  froa  use  of  a  ssaller  saaple  For  these 
seven  sen  no  grcup-synchronwed  ?4-h  rhytha  was  found  for  TA.  NA,  or  KH  during  Phases  ?  or  3. 

To  test  whether  the  acrophase  angles  changed  froa  one  Phase  to  another,  independent  of  the 
Changes  in  aaplltudes,  Rayleigh's  a  was  calculated  for  all  three  variables  in  each  Phase  The 
largest  £  was  2.71  {p<.10}  for  TA  in  Phase  1.  but  it  did  not  reflect  a  significant  concentration 
of  TOPS  within  a  narrow  tiae  interval.  Thus*  loss  of  the  group-syachronized  24-h  rhythas  in  TA. 

HA  and  KH  during  Phases  2  and  3  appears  to  be  due  aalnly  to  dispersion  of  the  TOPs. 

The  GHCAs  for  an  18-h  rhytha  in  TA,  MA,  and  MH  revealed  that  there  was  only  one  group- 
synchronized  IS-h  rhytha:  KH  during  Phase  2  (see  Table  3). 

The  results  t'f  a  search  for  the  strongest  rhythaic  coaponent  in  TA  for  eacn  of  the  seven  aen 
are  given  in  the  lower  half  of  Table  4.  Ouring  Phase  1,  the  average  period  of  the  strongest  or 
best-fit  rhythaic  coaponent  in  TA  was  2S-h,  with  an  of  0.23  This  period  was  not  s  gnif<cant1y 
different  froa  either  24-h  or  18-h.  but  it  was  clearly  closer  to  24. h.  Only  two  aen  had  the 
strongest  rhythaic  coaponent  closer  to  18-h  one  with  a  IS-h,  and  another  with  •  20'h  cycle.  Dur¬ 
ing  Phase  3,  the  period  of  the  best-fit  rhythaic  coaponent  averaged  18-h.  This  period  length  was 
not,  however,  significantly  diffetent  froa  24.h.  Two  (different)  subaariners  had  the  strongest 
rhytha  at  16-h/cyc1e.  Cubing  Phase  3  the  best-fitting  period  length  averaged  2S-h  with  an  r^  of 
0.28.  This  period  was  significantly  different  froa  18-h,>but  not  froa  24.h.  Hone  of  the  sever 
subaariners  showed  the  strongest  rhytha  near  18-h  In  Phase  3. 

Thus,  It  appears  that  the  18-h  watch-standing  schedule  did  not  exercise  a  strong  influence 
over  the  Individual's  rhytha  In  TA.  Phase  2  data  •.aae  the  closest  In  showing  18-h/c  as  a  group 
average,  but  close  exaaination  shows  that  this  18-h  average  Is  aisleading,  because  It  was  affected 
by  the  data  froa  two  subaariners  who  had  l2-h  cycles. 

The  lower  half  of  Table  5  shows  the  results  of  a  search  for  a  aodulating  effect  of  the  IB-h 
watch-standing  schedule  on  the  Tnayer  Activation  scale. 

In  Phase  1,  five  groups  of  sinusoidal  waves  could  be  Identified,  group  one  had  a  period  of 
8-h  (chosen  twice),  group  two  had  periods  near  ?0-h  (chosen  four  tlaes),  group  three  had  periods 
near  27-h  (chosen  four  tlaes.  group  four  had  a  period  of  36-h  (twice),  and  group  five  had  a  period 
of  48-h  (twice).  In  Phase  2,  three  salr.  groups  of  sinusoidal  waves  could  be  Identified,  group  one 
had  a  long  period  length  of  32-h  to  48-h  (chosen  seven  tires),  group  two  had  periods  near  24-h 
(chosen  three  tlaes),  group  three  had  periods  near  K-h  (three  tlaes).  In  Phase  3,  three  groups 
of  sinusoidal  waves  could  be  Identified-  group  one  near  180h  (six  tlaes).  group  two  near  24-h 
(three  tiaes),  and  group  three  near  36-h  (four  tlaes).  Thus,  the  eighteen-hour  routine  nay  have 
played  a  aodulating  role  In  the  TA,  especially  during  Phase  3 

Slapson,  Lobban  and  Halberg^^  investigated  the  relative  strength  of  "nature*  over  "nurture* 

In  rhythaic  ccaponents  of  urinary  data.  In  their  study,  the  subjects  lived  and  "nurtured*  under 
a  21-h  day  for  up  to  7  weeks  duri’g  a  period  of  perpetual  daylight  in  the  Arctic  suscer.  Slapson 
et  al.  anticipated  a  progressive  adaptation  of  the  subjects  to  the  21-h  day  to  be  reflected  by 
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9ridua1  wetktning  of  the  ?4.h  rhyths  4nd  the  <ppe4r*nce  of  a  2I'h  rhytha  of  progressively  greater 
strength.  For  the  purpose  of  expressing  the  change  In  rhytnn.  they  devised  the  circadian  aoplitude 
ratio  (CAR).  This  ratio  Is  obtained  by  dividing  the  anplltude  of  2l.h  rhytha  by  the  aapHtude  of 
the  ’l*h  rhytha  A  CAR  larger  than  one  represents  a  predonlnance  cf  “nature's"  rhytha,  whereas  a 
predoeinance  of  “nurture's*  rhytha  is  indicated  when  the  CAP  1$  smaller  than  one. 

In  the  present  study,  a  CAR  was  calculated  for  the  oral  teaperature  data  by  dividing  24. h  oral 
tenperature  aaplitude  by  the  IS.h  oral  teaperature  aoplitude  In  Phase  1.  the  average  CAR  was  1.61 

♦  0  99  (sd).  Ill  Phase  2,  the  CAR  averaged  1.36  ♦  0.«0.  In  Phase  3.  U  was  I  60  ♦  1.02  These 
CARS  did  not  diffe-  significantly  fron  each  other. 

The  CAR  was  also  calculated  for  TA.  Average  CARs  for  Phases  1.  2,  and  3  were  1  32*  0  81,  2  03 

♦  1.65,  and  1.82  ♦  0.08  respectively.  Again,  these  did  not  differ  significantly  fron  each  other 

DISCUSSION 

In  our  study,  sleep  and  wakefulness  was  found  to  show  a  deadly  shortened  cycle  in  aH  three 
ph>ses  of  the  patrol.  Its  average  period  was  18.8  h/cycle,  and  It  could  account  for  an  average 
of  about  20S  of  the  total  varlarce  In  the  sleep*wakefulness  data  Sone  of  the  subaarlners  devel¬ 
oped  two  rhythatc  conponents  In  the  sleep-wakefulness  or  activity  cycle*  one  rhytha  oscillating 
near  l8-h/cycle  and  arjther  near  2S-h/cycle,  the  latter  being  ®uch  weaker  fo*  a  lajorlty  o*  the 
aen,  an  18-h  watch  routine  entrained  an  18-h  *day.“ 

The  sleep-wekafulness  or  activity  cycle  has  been  shown  to  be  entrained  by  a  variety  of  strong 
zeltgebers.  Five  reports' ^  recently  susnarlyed  by  Aschoff'  show  that  the  activity 

cycles  of  huean  subjects  nay  be  entrained  froa  periods  of  20-h/c  to  30  h/c  under  the  Influence  of 
strong  envlronaental  and  social  ^eltgebers.  Our  findings  expand  the  lower  boundary  of  tne  range  of 
entralnaent  of  the  activity  cycle  froa  20-h/c  down  to  19-n/c.  $oee  sub»arlners  also  showed  snail 
but  significant  peak  activity  rhyihas  near  the  ?5-h/cycle.  Whether  this  25-h  cycle  represents  a 
free-running  rhyths  could  not  be  deterained  because  the  resolution  (one  hour)  used  for  analysis 
was  not  of  required  precision.  (A  0.1-hour  resolution  was  used  by  Slnpson^^  and  Colquhoun  et 

More  submariners  showed  the  secondary  peak  near  25-h/cyc1e  early  in  the  patrol  during  Phase 
1  six  out  of  eleven  sen  exhibited  such  a  peak  As  the  patrol  progressed  in  tiae  and  the  aen  worked 
continuously  under  the  18-h  watch-keeping  system,  fewer  showed  the  secondary  peak  near  25-h/cycle 
During  Phase  2,  four  out  of  eight  subnarlners  exhibited  the  secondary  peek,  while  only  two  out  of 
seven  showed  the  secondary  25-h  peak  during  Phase  3.  This  trend  suggests  tnit  the  activity  cycle 
would  becoae  progressively  aonorhythnlc  at  l8-h/c  as  the  submariners  continue  to  live  under  the  18-h 
schedule. 

The  iopact  of  an  18-h  day  on  the  circadian  rhytha  of  oral  teaperature  was  found  to  be  quite 
different  fron  that  found  for  the  activity  cycle.  First,  the  18-h  day  cllalnated  the  group- 
synchroniied  24-h  rhythc  In  Oral  teaperature  by  the  40th  day  of  the  voyage  $chaefer  et  al.^^ 
also  observed  that  the  24-h  cycles  *n  physiological  functions,  such  as  body  teaperature,  pulse 
rate,  respiration  rate,  and  blood  prevsure,  were  disrupted  among  subnarlners  by  working  unde*-  an 
18-h  watch-standing  schedule.  In  an  unpublished  analysis  of  data  collected  froa  seven  of  the  nen 


studied  by  Schaefer  et  al.,  Haus  {personal  coB«unication)  found  that  the  clear  circadian  rhythn 
observed  during  the  outfitting  baseline  period  had  disappeared  in  the  early  period  (days  7-17) 
under  the  18-h  routine.  Haus  observed,  hottever.  that  sooe  subeariners  regained  a  ?4-h  rhythr  in 
body  teaperature  by  days  ?^-41.  in  the  present  s^tody,  a  recovery  of  the  group- synchronl :ed  ?«-h 
rhytha  in  oral  teaperature  was  not  observed.  Colquhoun  et  al  reported  on  eight  sonar  ratings 
working  a-h  watches  In  a  -apidly  rotating  cycle,  and  found  a  siallar  effect  on  the  oral  tenperature 
cycle  Only  one  of  Co’quhojn's  subjects  did  not  show  a  change  in  the  ?4.h  body  teaperature  rhyth--* 
Two  of  his  subjects  experienced  the  disintegration  of  the  noraal  24-h  rhythn  into  shorter  periods 
of  4.h  and  8-h. 

In  a  strits  of  pnpers.  Slopson  et  eee.lned  toe  effects  of  i  21-n  asy  on 

subjects  spending  their  suaaer  in  Spitfbergen  (at  latitude  78®M)  or  on  Devon  Island.  Northwest 
Territory.  Canada  (latitude  75*N).  The  subjects,  eight  li.  the  Spit2bergen  study  and  five  m  the 
Devon  Island  study,  slept  in  trapper's  huts  or  darkened  tents  in  their  own  conaumty  under  perpet¬ 
ual  daylight.  A  detailed  frequency  analysis  was  perforaed  on  a  variety  of  urinary  variables  and 
two  perfornance  neasures.  In  these  studies.  Mfe  or.  a  21-h  routine  did  not  disrupt  the  24-h 
rhythn  in  the  aanner  observed  for  an  18-h  routine,  but  produced  a  rhythm  of  21-h/c.  and  another 
rhythn  of  24.2-h/c.  Thus  the  effect  of  a  21-h  day  on  the  maintenance  of  a  24-h  rhythm  appears  to 
be  much  less  sever*  than  that  expected  fron  an  18-h  day 

In  the  present  study,  a  decreased  circadian  anplitude  was  observed  in  oral  tenperature  as  the 
patrol  continued.  This  result  confiras  the  Schaefer  et  al^*^  report  of  the  decrease  in  oral  ten¬ 
perature  anplitude  in  five  subnarlners,  Colquhoun.  et  also  found  a  progressive  flattening 

in  the  nean  anplitude  of  the  body  teaperature  rhytho.  Additionally.  Colqu*-oun.  et  al  noticed  an 
increase  in  the  average  oral  teaperature  of  their  subjects  during  the  patrol.  The  present  ^tudy 
also  eoftflros  this  second  observation. 

Life  on  an  18-h  routine  also  ellnlnated  the  qroup-synchronited  24. h  rhythn  in  level  of 
‘■activation.*  as  well  as  24.h  rhythns  in  Hood  "Activity’  and  Hood  ’Happiness  ' 

Since  the  aoplitudes  of  these  psychological  variables  did  not  appear  to  decrease,  loss  of 
the  group  synchronlaed  24-h  rhytbn  was  caused  mainly  by  a  wide  scatter  of  TObs  Analysis  con¬ 
firmed  that  the  once  tighMy  concentrated  TObs  scattered  so  that  the  peak  value  of  a  neod  oeasure 
of  one  Individual  occurred  at  a  tine  widely  separated  fron  the  time  the  peak  value  was  observed 
for  another.  A  similar  dispersion  of  TOPs  occurred  for  oral  tenperature.  This  contributed,  along 
with  the  reduced  amplitudes,  to  the  loss  of  the  group-synchrooiied  24.h  rhythm  in  oral  temperature 

The  18-h  living  routine  in  this  study  exerted  a  strong  Influence  on  the  24-h  rhythms  examined 
it  altered  the  24-h  rhytha  of  the  activity  cycle  end  ertrained  it  to  an  18-**  rhythm  The  18-h 
routine  also  altered  the  24-h  rhythms  in  oral  temperature,  level  of  'activation.’  and  two  mood 
scales,  but  failed  to  produce  a  group-synchronired  18-h  rhythm  In  oral  teaperature  in  any  of  the 
three  phases.  The  group-mean-cosinor  analysis  showed  also  that  the  group-synchronlied  18-h  rhy¬ 
thm  did  not  develop  over  the  period  of  prolonged  submergence  in  TA,  HA,  or  HH,  except  HH  during 
Phase  2  The  finding  of  a  significant  18-h  rhythn  for  HH  during  Phase  2  nay  well  have  teen  a 
chance  event,  since  24  Hotelling's  T^’s  (the  cosinor  analysis)  were  calculated  and  evaluated  at 
the  L-  level 
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K«vis  <per«on<l  cosaunic^tion)  reported  that  the  18>h  routine  induced  a  group'Synchronf ted 
)8>h  rhythn  in  the  subearineri  studied  by  Schaefer*  et  al.  0arin9  the  outfittin9  and  up  tc  24  'lay* 
of  the  underwater  patrol,  there  was  no  significant  18-h  cycle  In  the  body  teaperature  of  Schaefer's 
subjects  However,  a  $i9nificant  18-h  coaponent  in  body  teaperature  was  detected  durin9  the  period 
froa  26  to  41  days. 

The  failure  of  the  1d«h  routine  to  entrain  a  siaple  18>h  rhytha  does  not  aean  that  the  18-h 
day  had  no  influence  over  individual  subaariner's  oral  teaperature  and  psycho109ica1  states  A 
detailed  individual ited  analysis  was  applied  to  oral  teaperature  and  TA  data  obtained  from  the 
9roup  of  seven  subaariners.  Results  showed  that  the  >8-h  routine  did  not  influence  individuals' 
rhythss  to  the  extent  that  the  'S-h  coaponent  was  usually  the  stron9est  one  present  In  soae  indi¬ 
viduals,'  tre  )8-h  rhyth>i>  was  the  stron9est,  but  these  aen  were  not  a  sayority.  As  a  9roup,  the 
period  of  the  stron9est  rhytha  was  closer  to  24. h  than  to  an  18.h.  Dur1n9  Phase  2,  TA  caae  the 
closest  to  showin9  a  period  (IS-h)  different  froa  24  hours  A  c'ose  exaaination  of  the  data  re¬ 
vealed,  however,  that  the  second  hareontc  of  a  24-h  period  (12. h)  played  a  part  in  brin9in9  the 
9roup  averase  to  near  18.h/c  (see  Table  S).  Thus,  even  on  individual  analyses,  the  18-h  routine 
did  not  entrain  phys1ol09ica1  and  psycho1o9ica1  functions  to  an  IS-h  rhytha. 

The  bisinusoidal  (two. wave)  analysis  seeaed  to  offer  a  snail  aaount  of  support  for  the  hypor. 
thesis  that  the  18«h  rnythe  did  exert  soae  aodulatin^  influence.  This  analysis  revealed  addl. 
tional  rhythas  near  36*h/c  and  48*h/c.  The  36*h  period  is  haraonically  related  to  both  the 
activity  cycle  {t8«h)  and  the  basic  period  of  the  waten  rotations  (?2.h)  Persistent  24. h  rhy. 
thas  were  also  detected  in  soae  of  our  subjects.  Thus,  the  subaariner»  exhibited  complex  rhythaic 
patterns  which  varied  froa  one  individual  to  another,  where  the  eajor  rhythaic  coaponents  were 
18««  24.,  and  36<h/c,  and  the  hareoAics  and  subharoorics  of  24'h/c  (8',  12-,  and  IS-h/c).  Siailar 
coBplexity  was  observed  by  Schaefer,  et  a1.^^  43009  subuariners  in  response  to  the  18-h  routine, 
and  also  by  Cotouhoun,'  et  a1.^*^  aBon9  subjects  standtn9  4.h  watches  in  a  rapid  rotation. 

A  circadian  aaplitude  ratio  was  calculated  to  see  whether  there  wis  a  pro9ress1ve  adaptation, 
as  defined  b/  Siepson,  et  a1.^^'  in  the  subaariners  dur1n9  the  10-weel  subaeroence.  The  results 
indicated  a  9eneral  absence  of  such  adaptation  to  the  18.h  routine  Siailar  lack  of  adaptation 
(perhaps  excepting  a  rhytha  ir.  water  excretion)  was  observed  by  Siapson,  et  al.^^  for  subjects  liv¬ 
ing  under  a  21.h  routine  for  up  to  7  weeks. 

Thus,  the  findings  of  this  study  showed  that  the  18-h  routine  did  not  entrain  oral  teapera¬ 
ture,  TA,  or  two  aood  scales.  Aschoff^  in  his  review  of  the  literature,  showed  that  body  tea- 
perature  had  a  narrower  range  of  entraineent  than  the  activity  cycle  and  that  it  tended  to  free- 
run  when  a  strong  zeitgeber  was  too  far  away  fro*  a  24-hour  period  Kleltaann^^  had  reported 
ea^^lier  that  an  artificial  12-h  watch-standing  schedule  would  not  entrain  subearine  personnel  to 
a  siailar  rhytha.  Thus,  when  the  doainant  zeitgeber  was  20-h/c,  body  teaperature  would  tend  to 
free-run  at  approxiuate'y  2S-h/c.  Whether  the  subaariners  in  our  study  did  have  a  free-running 
rhytha  could  not  be  decided. 

Since  the  si eep-wakefglress  cycle  was  entrained  by  the  18-h  routine  but  oral  teaperature  and 
psychological  state  were  not,  a  spontaneous  internal  desynchronization^^  nay  be  an  unavoidable 
consequence  of  life  under  the  18-h  watch-standfng  schedule.  Siapson.  el  4I  •‘eported  a 
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potential  perforaance  degradation  of  1SS  or  oore  during  the  early  phase  of  life  under  a  21'h 
routine,  resenbifng  a  "Jet  lag*  of  3>h.  The  perforrance  tests  exaained  by  Sinpson  and  others  were 
linited  to  hand-grip  strength  and  eye-hand  coordination  test.  There  is  as  yet  no  definitive  in- 
foraation  about  perforaance  and  psychological  states  as  they  are  affected  by  chrome  dyschronisn 
due  to  life  under  unusual  teaporal  routines. 
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S^nple  pag**  of  the  Personal  ALtiv»t>  log  Astivitr  Infernal  io»i  wa  -  obldine-l  fror*  the 
first  five  rows,  where  subnariners  these  the  nost  approp*'iate  row  and  drew  a  line  frun 
the  tine  they  started  unfl  the  time  they  stopped  The  line  was  neasureJ  *0  tht  near- 
est  1/2  h  The  nood  scales  appear  below  the  graphic  jt'ivi'v  lotorfi 
Aschoff's  bars*"^  representing  twelve  wake-sleep  cycles  of  .ubnarinpr  \o  14  during 
Phase  1  of  the  patrol,  yakmg  ti^e  is  s^own  hy  the  blatt  section  of  each  ta».  xlatches 
are  shown  by,  thickenings  below,  and  es’ra  du*y  is  shown  thi-ienirg  above  f'e  black 
section.  The  white  sections  represent  slwep  periods  subnariner  had  a  sleep- 

waiefulness  rhythn  of  an  18-h/cycle  (r*  -  0  87l 

Three  chronogfans  {left-hand  side)  and  three  plenoqrans  (right-hand  side)  oral 
g 

tenperature.  The  ihronooraKS  display  individual  da*a  points  as  t'ey  were  observed 
during  the  patrol.  The  pleaograws**  show  not  only  each  data  point  (a  souare),  Put 
also  two-hourly  nejns  as  a  connected  line  starting  fro*  mdnight  Tn^.,  m  the  ple»e- 
giams,  all  Observations  made  during  the  period  fror  midnight  to  a  n  were  averaged 
and  the  average  shown  as  a  flat  line  covering  a  two-hou'  period  The  broken  lines  m 
the  ple*ograms  shows  the  time  periods  where  no  observations  we^e  obtaired  In  'he 
absence  of  data  for  a  two-hour  epoch,  the  ^ean  value  of  the  two  adiaie"*  epochs  was 
plotted.  The  circadian  dip  >n  oral  temperature  can  best  be  seen  m  tne  fhase  i 
pleiog'a*.  The  data  in  this  Figure  was  obtained  fro*  submariner  Vo.  I  of  this  study 
Plexograms  of  the  onjj  temperature  aveeages  of  the  seven  s,^bjects  who  are  asterisked 
in  Table  2  are  hown  on  the  left-hand  side  On  the  ngnt-hand  side,  tne  top  clock 
face"  shows  a  group-nean-cosinor  plot*  of  oral  temperature  *©*•  each  Phase  with 
confidence  ellipses,  evaluated  at  ?4.h/ivcle  Th<  botto*  dock  face  shows  a  group- 
meao-cosinor  plot  of  oral  tenperiture  evaluated  at  the  lit-h  ivde  When  only,  seven 
subfsiarir.ers  am  examined  by  the  group-mean. <  os  inor  analysis,  as  snown  in  this  figure, 
a  significant  group-sync hromlded  ?4-h  rhythm  is  ohjerved  for  fhas**  I  data  Wheh  all 
twelve  submariners'  data  are  analysed  in  this  way,  however,  a  significant  group- 
synchronized  ?4-h  rhythr  is  detectable  in  both  Phase  I  and  Phase  .  data  isee  the  text 
and  Tab'e  3  for  details),  ho  group-synchronized  IR-h  rhythr  in  oral  temperature  was 
found  in  ary  of  the  three  Phases, 

Plexograns  of  Thayer's  “Act  Wat  ion"  mood  scores  from  seven  men  are  shown  on  ‘he  left- 
hand  side.  The  top  "clock  face"  shows  oroup-rean-cosmor  plot  of  Tt'jvor's  Activatio 
nood  scores  for  each  Phase  with  '*0  confidence  ellipses,  evaluated  a*  r4-hycvcie.  The 
bottom  clock  face  shows  TA  evaluated  at  18-h/cyc)e 
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'^A  group  of  nuclear  submariners  was  studied  to  examine  whether  an  18-h 
routine  imposed  by  a  watch-standing  schedule  of  6-h  on,  12-h  off  during  a 
prolonged  submerged  patrol  affected  the  24-h  circadian  rhythm  in  oral  tem¬ 
perature,  Thayer’s  activation,  Ifood  "Activity”  and  Mood  "Happiness.”  The 
submariners  were  observed  during  three  sections  of  the  patrol:  Phase  1,  the 
beginning  8-day  period;  Phase  2,  the  middle  of  the  voyage;  and  Phase  3,  the 
last  7-8  day  period  of  the  10-week  voyage.  The  group-synchronized  24-h 
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20.  Abstract  (continued) 


^^hyths'.  In  oral  temperature  disappeared  during  Phase  3.  Die  group- 
'  synchronized  2A-h  rhythms  in  Thayer’s  activation  and  in  Mood  ’’Activity"  and 
"Happiness"  disappeared  during  Phases  Z  and  3.  A  group  synchronized  18-h 
rhythm  was  not  produced  in  any  of  the  variables  in  any  Phase  of  this  study, 
except  MH  during  Phase  2.  Periodicity  analysis  of  individuals'  data  showed 
that  a  loss  of  24-h  rhythmicity  in  oral  temperature  was  due  not  only  to 
reduced  circadian  amplitude  but  also  to  a  dispersion  of  TOPs.  Loss  of  24-h 
rhythm  in  "Activation,"  "Happiness,"  and  "Activity"  was  predominantly  due 
to  a  wider  dispersion  of  TOPs.  The  18-h  routine  did  appear  to  exert  a  small 
modulating  effect  on  rhythmic  activity  in  the  variables  examined  in  this 
study.  _ 

Since  the  sleep-wakefulness  cycle  was  well  entrained  by  the  18-h  rou¬ 
tine,  the  submariners  experienced  a  spontaneous  internal  desynchronization 
between  the  activity  cycle  on  the  one  hand  and  the  cycles  of  oral  tempera¬ 
ture  and  psychological  states  on  the  other.  The  performance  and  health 
consequences  of  this  chronic  desynchronism  have  yet  to  be  explored.  Ue 
suggest  further  research  to  determine  the  usefulness  of  an  index  of  syn¬ 
chronization  among  the  physiological  and  ps ’choiogical  variables,  and  the 
relationship  of  the  desynchronizing  effects  to  performance  and  health. 
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